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[57] ABSTRACT

Particulates, e.g., powders, of the rare earth borides are
well suited for the effective abrasion/polishing of a
variety of characteristically hard substrate face sur-
faces, e.g., hard ceramic surfaces. |
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RARE EARTH BORIDE ABRASIVE/POLISHING
AGENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to novel abrasives/pol-
ishing agents based on the rare earths, and more espe-
cially, to such novel abrasives/polishing agents as are

useful for abrading and polishing particularly hard sub-
strates.

2. Description of the Prior Art

Among the abrasive and polishing materials currently
commercially available, exemplary are alumina, silicon
carbide, cubic boron nitride and diamonds.

Alumina and silicon carbide are inexpensive materi-
als. However, alumina cannot be used for lengthy peri-
ods of time. And silicon carbide i1s known to be reactive,
to a certain extent, with various substrates typically
sought to be abraded and/or polished, notably various
steels. Furthermore, its hardness may be inadequate for
the abrasion of ceramics.

Boron nitride and diamonds are excellent abrasives,
but their cost is much greater than that of conventlonal
abrasive materials.

SUMMARY OF THE INVENTION

Accordingly, a major object of the present invertion
~is the provision of novel abrasive and polishing compo-
sitions that approach boron nitride and diamonds in

terms of technical performance, but which are far less
costly.

The abrasive and polishing compositions of this in-
vention satisfy numerous technical requirements. In
particular, they comprise particles of a high hardness
having a moderate rupture strength and they can be

2

Abrasion performance equivalent to that of diamonds
may be realized by increasing the rare earth boride

. concentration in the compositions of the invention to a
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broken to produce edges. The subject abrasive particu- -

lates have a certain ability to rupture in order to provide
the necessary abrasive properties, but are not exces-
sively fragile (and, therefore, they have a satisfactory
useful life). Finally, the abrasive and polishing composi-
tions of this invention are unreactive with those sub-
strates typically sought to be abraded and polished.

Briefly, the present invention features abrasive and
polishing compositions comprising at least one rare
earth boride and their use, in particular, for abrading
and/or polishing especially hard substrates.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of suitable
apparatus for determining the efficacy of the abrasive/-
polishing agents according to the present invention; and

FIG. 2 is a graph plotting the results obtained utiliz-
ing the abrasive/polishing agents of the present inven-
tion versus those of the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
| INVENTION

More particularly according to the present invention,

by the expression ‘“rare earths” are intended the rare
earth elements designated the lanthanides, having
atomic numbers ranging from 57 to 71, as well as yt-
trium, having an atomic number of 39.

It has now unexpectedly and surprisingly been dis-
- covered that the rare earth borides have abrasion prop-
erties higher than those of the conventional abrasives,
and yet are as hard as boron carbide and silicon carbide.
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‘value within very reasonable limits, thereby making

such compositions quite attractive.

The. abrasive/polishing agents according to this in-
vention are the rare earth borides. There are several
types of rare earth borides. For example, rare earth
hexaborides have a cubic elementary lattice of the CsCl1
type. The rare earth tetraborides crystallize in the qua-
dratic system.

According to this invention, any type of rare earth
boride may be used, but the rare earth hexaborides are
the preferred.

The preferred rare earth borides are terbmm, cerium
and ytterbium borides, but from an economic stand-
point it is more desirable to use the ceric rare earth
borides; these are the borides of cerium, lanthanum,
praseodymium and neodymium.

The rare earth borides are known compounds, vari- -
ous preparations of which have been described in the
literature. For example, a rare earth boride may be
prepared from a rare earth oxide by borocarbothermia
process [G.A. Meerson et al, Izv. Akad. Nauk SSSR
Neoro. Mater., 3, No. 5, pp. 802-806 (1967)]. 1t is also
possible to prepare a rare earth boride by the reduction
of a rare earth chloride utilizing elemental boron (FR
87/16,396), optionally in the presence of aluminum (FR
88/05332).

The rare earth borides employed as abrasives and
polishing agents according to this invention are advan-
tageously in the form of a powder, the grain or particle
size of which ranges from 0.5 to 100 um; the mean
particle diameter of such powder preferably is around
10 pm.

In certain cases, it may be advantageous to conduct

ultrasonic comminution of the rare earth boride ag-

glomerates, or, if necessary, a grinding operation in an
air jet grinder.

The rare earth boride compositions constituting the
abrasive and polishing agents according to this inven-
tion may be used in a wide variety of surface treatment
processes. Such abrasion and polishing techniques are
abundantly described in the literature [see, for example,
KIRK OTHMER, Encyclooedia of Chemical Technol-
ogy, 1, pp. 26-52 (Third edition)].

The subject compositions are eminently well suited
for the treatment of hard substrates. Exemplary of such
substrates are the ceramics, such as alumina; the car-
bides of tungsten, tantalum, zirconium, beryllium, tita-
nium, silicon, boron; the nitrides of titanium and silicon;
metals and more particularly titanium, zirconium, haf-
nium, vanadium, niobium, tantalum, chromium, molyb-
denum, tungsten, manganese, iron, cobalt and nickel;
the inorganic glasses, etc.

- The rare earth borides according to the invention
may be used in the form of conventional abrasives/pol-
ishing agents. Thus, they may be used in the form of
powders, which may be employed by themselves or
deposited onto a support, or agglomerated by means of
a binder.

If they are used in the form of a powder, they may be
applied in the dry state, but most frequently they are
used in suspension in a liquid, for example water, in a
concentration that may range from 10 to 2,000 g/1.

Rare earth borides in powder form may also be de-
posited in a relatively thin layer with the aid of a glue or
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a synthetic resin (preferably a phenolic resin) onto a
support such as paper or a fabric. The form of such a
support coated with the abrasive may vary greatly:

individual sheets or sheets on a wheel, disks, strips,

belts, and the like.

S

It is also possible to bond the abrasive powders of the

invention by means of a binder, most typically of the
vitrified (ceramic) or polymer type (for example, bake=
lite), in an inert matrix and of a suitable shape, e.g.,
conical or cylindrical shaped article, or a flat or curved
disk, etc.

In order to further illustrate the present invention and
the advantages thereof, the following specific examples
are given, it being understood that same are intended
only as illustrative and in nowise limitative.

In said examples to follow, the abrasion and polishing
properties of the rare earth borides are demonstrated,
but the test used to determine these properties will first
be described. The test was carried out utilizing a polish-
ing machine shown schematically in FIG. 1.

In FIG. 1, the material to be polished in the form of
a tablet or wafer 1, positioned by means of workpiece
holder 2. Polishing means 3 are disposed within rotating
bowl 4. The remainder of the apparatus includes rotat-
ing disk 5, arm holder 6, guide rod 7, weight 8, and
abrasive powder suspension 9.

The operating principle of the apparatus was as fol-
lows:

A motor, not shown in the drawing, rotated the bowl
4 containing the suspension of the abrasive powder 9.
The material 1 to be polished was subjected to an ellipti-
cal rotational movement, under a constant pressure
applied by the weight 8.

The two movemenis were correlated, and the mate-
rial 1 to be polished was completely covered by the
polishing means 3.

The particles of abrasive material were introduced
between the polishing means 3 and the tablet 1 to be
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polished, whereby the exposed face surface of the latter 4,

was abraded/polished according to the invention.

The results are expressed as the speed of removal of
material (E.E.V.), 1e., the average weight removed is
related to:

(i) Unit of weight : mg;

(ii) Unit of surface : dm?;

(ii1) Unit of time : min

(a) Type of polishing

(b} Polisher

(¢) Speed of rotation

(d) Material to be polished

“ﬂﬂﬂd Cd“;

DP Plan felt;

23 rpm;

specimens having a
thickness of 4 mm and a
diameter of 25 mm;

600 g/cm?;

125 g/1, unless other-
wise indicated:

(e) Pressure on the tablet
(f) Concentration of the
abrasive powder

suspension
(g) Temperature
(h} Duration of test

ambient (20° C.);
intervals of 20 min.

The polishing material was a DP Plan felt marketed
by the Struers Co.; it was a felt of hard plastic material.

The tablet to be polished was a shaped article either
of a silicon carbide (SiC) sintered to 99.5%, or a silicon
nitride (S13N4), both marketed by Ceramiques et Com-
posites Co.

Examples 1 to 8 illustrate a polishing operation utiliz-
ing the abrasive compositions of the invention.

45 -«

50

35

65

4

For purposes of comparison, five experiments were
carried out using the following abrasives:

(1) Boron carbide, B4C (experiments A and C);

(i) Silicon carbide, SiC (experiments B and D);

(iii) Diamonds (experiment E).

All of the above materials are marketed by the Stru-
ers Co. The powders of B4C and SiC had a grain size of
10 pm. The diamond material is marketed in the form of
a suspension of 15 pm diamonds in a concentration of 8
g/1.

EXAMPLE 1:
Experiments A and B:

In these examples, cerium hexaboride was used as the
abraswe/pohshmg agent.

The cerium hexaboride was prepared by the reaction,
under an argon atmosphere at 1,500° C., for 15 hours, of
ceric oxide with a mixture of elcmental boron and car-
bon, both of which were used in a 10% stoichiometric
excess.

The resulting agglomcrates were comminuted ultra-
sonically. The final particulates had a mean particle
diameter of 10 um. The grain size distribution was mea-
sured by a diffraction/diffusion laser technique (appara-
tus marketed by Cilas-Alcatel).

Subsequently, an aqueous suspension of cerium hexa-
boride, CeB¢, was prepared, in a concentration of 125
gl

For the comparative experiments, suspension boron
carbide, B4C, (Experiment A) and silicon carbide (Ex-
periment B) were prepared, in the same concentration
of 125 g/1.

The abrasive properties were determined by polish-

ing a wafer of stlicon carbide.

The results are reported in Table I:

TABLE I

Reference Example 1 Experiment A Experiment B
Specimen SiC
Abrasive CeBg - B4C SiC
Concentration of the 125 g/1
‘suspension (g/1)
Duration E.EYV.
(min) (mg/dm?/mn) )
20 5.5 1.6 1.1
40 1.8 0.3
60 2.2 0.4
80 2.3 0.8
100 1.9 0.7

It will be seen from Table I that the certum hexabor-
ide had superior abrasive properties relative to those of
boron carbide and silicon carbide.

EXAMPLE 2:

The procedure of the above example and experiments
was repeated under the same conditions, except that the

material subjected to the abrasion test was silicon ni-
tride.

The results are reported in Table II:
TABLE 11

Reference Example 2 Experiment C Experiment D
Specimen SizN4
Abrasive CeBg B4C SiC
Concentration of the 125 g/1
suspension (g/1)
Duration E.E.V.
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TABLE Il-continued TABLE Ill-continued
(min) (mg/dm?/mn) 120 6 8 3.6
- 20-- - 205 4.2 24 - . * -
: :g - | l;'; 36 | 5  The very good results obtained using lanthanum hex-
80 79 3.2 aboride were noted: they are illustrated by the curve
100 | 6.4 4.4 3.2 (IT) of the graph of FIG. 2.
120 6 3.4 2.4

It was confirmed that the abrasive properties of ce- 10

rium hexaboride relative to a ceramic material were
- clearly superior.

The entlrety of the results reported in Table II were
plotted in FIG. 2, which represents the variation in the
speed of material removal (E.E.V.) as a function of time 13

(v).

EXAMPLES 5 to 8: .

In the following tests, suspensions, in water, of ce-
rium hexaboride in different proportions, 11 g/1, 30 g/,
60 g/1, 90 g/1, were used.

The tests were carried out on a wafer of silicon ni-
tride.

The results obtained are reported in Table IV.

TABLE 1V
Reference Example 5 Example 6 Example7 Example8 Example 2
Specimen Si3Ng
Abrasive CeBsg
Concentration of 11 30 60 . 90 125
the suspension
(8/1)
Duration E.E.V.
(min) (mg/dmZ/mn)
20 1.3 5.6 4.3 144 20.5
40 04 2.8 6.3 1.9 11.1
60 0.2 2.0 4.2 5.5 8.3

30

Curves (I), (C), (D) respectively correspond to ce-
rium hexaboride, boron carbide and silicon carbide.

The graph of FIG. 2 clearly shows the superiority of
the abrasives/polishing agents of the invention.

EXAMPLES 3 and 4:

In the following examplés, a lanthanum hexaboride
and a praseodymium hexabonde were used as the abra-
sive agents.

The lanthapum and praseodymum hexaborides were
prepared by reacting their respective oxides, La;0O3 and
Prs0O11, with elemental boron and carbon according to
the process used to prepare the cerium hexaboride in
Example 1.

The powders obtained had a mean particie diameter
of 65 um for the lanthanum hexaboride and 19 um for
the praseodymium hexaboride.

The lanthanum hexaboride and the praseodymium
hexaboride were then suspended in water, at a concen-
tration of 125 g/1.

The abrasion test was then carried out on a wafer of

silicon nitride.
- The results are reported in Table III. As a reference,
the results obtained with cerium hexaboride are re-
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TABLE III
Reference Example 2 Example 3 Example 4
- Specimen Si3Ng
 Abrasive CeBg LaBg PrBg 60
Concentration of the 125 g/1
suspension (g/1)
Duration EE.V.
(min) - (mg/dm?/mn)
20 20.5 20 124 65
40 11.1 11 6
60 8.3 7.8 5.8
80 7.9 1.6 »
100 6.4 8 4.3

An increase in the speed of material removal with
increasing concentrations of cerium hexabonde in the
aqueous suspension was apparent.

Experiment E:

In order to compare the abrasive properties of cerium
hexaboride and diamonds, the test was carried out using
the aforesaid commercial diamond suspension.

The results are reported in Table V.

TABLE V
Reference Experniment E
Specimen Si3N4
Abrasive Diamonds
Concentration of 8
the suspension
(/1)
Duration E.E.V.
(min) (mg/dm?/mn)
20 6.25
40 3.4

A comparison of the results reported in Tables IV
and V evidences that, at equal concentrations, the abra-
sive strength of cerium hexaboride was less than that of
the diamonds, but that it became equivalent for a con-
centration of approximately 35 g/1.

While the invention has been described in terms of
various preferred embodiments, the skilled artisan will
appreciate that various modifications, substitutions,
omissions, and changes may be made without departing
from the spirit thereof. Accordingly, it is intended that
the scope of the present invention be limited solely by

the scope of the following claims, including equivalents
thereof.

What is claimed is:

1. An abrasive/polishing composition of matter, com-
prising an effective abrasion/polishing amount of par-
ticulates of at least one rare earth boride dispersed in a
compatible matrix medium therefor.
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2. An abrasive/polishing shaped article of manufac-
ture comprising a support substrate coated with an
effective abrasion/polishing amount of particulates of at
least one rare earth boride. | o
3. An abrasive/polishing shaped article of manufac-
ture comprising a solid support matrix having an effec-
tive abrasion/polishing amount of particulates of at least
one rare earth boride distributed therethrough.

4. The shaped article of manufacture as defined by
claim 2, comprising a sheet, disk, strip or belt.

5. The shaped article of manufacture as defined by
claim 3, said solid support matrix comprising a ceramic
material or synthetic polymer.

6. In a process for the abrasion/polishing of a sub-
strate face surface, the improvement which comprises
utilizing as the abrasive/polishing agent therefor, an
effective abrasion/polishing amount of particulates of at
least one rare earth boride.

‘7. The process as defined by claim 6, said at least one

8
10. The process as defined by claim 6, said at least one
rare earth boride comprising a boride of neodymium.
11. The process as defined by claim 6, said particu-

~ lates of at least one rare earth boride comprising a pow-

10

15

20

rare earth boride comprising a boride of lanthanum or

yttrium.

8. The process as defined by claim 6, said at least one
rare earth boride comprising cerium hexaboride, lantha-
num hexaboride, or praseodymium hexaboride.

9. The process as defined by claim 6, said at least one
rare earth boride comprising a boride of terbium, ce-
rium or ytterbium. |
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der. |
 12. The process as defined by claim 11, said powder
having a particle size ranging from 0.5 to 100 pm.

13. The process as defined by claim 12, said powder
having a particle size of about 10 pum.

14. The process as defined by claim 6, said substrate
face surface comprising a ceramic, metal or glass.

- 18. The process as defined by claim 14, said substrate
face surface comprising a ceramic.

16. The process as defined by claim 15, said ceramic
comprising a silicon carbide or nitride.

17. In a process for the abrasion/polishing of a sub-
strate face surface, the improvement which comprises
utilizing as the abrasive/polishing agent therefor, the
abrasive/polishing composition as defined by claim 1.

18. In a process for the abrasion/polishing of a sub-
strate face surface, the improvement which comprises
utilizing as the abrasive/polishing agent therefor, the
abrasive/polishing shaped article as defined by claim 2.

19. In a process for the abrasion/polishing of a sub-
strate face surface, the improvemeni which comprises
utilizing as the abrasive/polishing agent therefor, the
abrasive/polishing shaped article as defined by claim 3.
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